The increasing litter sizes of modern pig breeds have led to a significant number of piglets that are born undersized ("small" piglets) and some have been exposed to different degrees of intrauterine growth restriction (IUGR). The aim of this study was to investigate the physiology and capability to ingest colostrum of these small piglets, suffering from various degrees of IUGR, to see if their IUGR score could be a useful tool for easy identification of piglets in need of intervention in the colostrum period. Piglets were classified at birth based on head morphology. Piglets were classified either "normal," "mildly IUGR" (m-IUGR), or "severe IUGR" (s-IUGR), based on head morphology. Blood samples were collected at birth and at 24 h, and colostrum intake during two 12-h periods and blood metabolites at 0 and 24 h were measured. At 24 h, piglets weighing <900 g at birth and the median piglet in birth order were sacrificed, and organ weights and hepatic glycogen were measured. Overall, there was an influence of the piglets' classification on most characteristics, with normal piglets having a greater colostrum intake between 0 and 12 h (P < 0.001) and between 12 and 24 h (P < 0.05), and higher birth weight, crown rump length, body mass index, and ponderal index (P < 0.001), and a tendency toward a higher vitality score (P < 0.069) than s-IUGR piglets. There was a time × IUGR interaction, with plasma glucose levels being lowered (P < 0.001) and lactate levels elevated (P < 0.001) in s-IUGR piglets at 24 h compared with normal and m-IUGR piglets. Some differences were found in electrolytes; sodium plasma concentrations were greatest for normal piglets (P < 0.05) and highest at 0 h (P < 0.05). At 24 h of age, s-IUGR piglets had a higher heart (P < 0.001) and brain percentage (P < 0.001), and a lower liver percentage (P < 0.001) relative to body weight, compared with normal piglets. In addition, s-IUGR piglets had less hepatic glycogen than m-IUGR piglets and normal piglets. The present study showed that the physiology of piglets in the colostrum period was affected by IUGR status at birth and their intermediary metabolism was altered due to different colostrum intakes. Furthermore, it was demonstrated that the head shape of newborn piglets is a good selection criteria for identifying piglets that need oral supplementation during the neonatal stage.
INTRODUCTION
The increasing litter sizes observed in modern pig breeds have led to a significant lower mean birth weight and increased percentage of small piglets born (Campos et al., 2012) . In addition, various degrees of intrauterine growth restriction (IUGR) may occur in these small piglets (Foxcroft et al., 2006) . To develop improved management interventions, more tools are needed to identify piglets with lower survival rates. It has recently been hypothesized that IUGR piglets can be characterized on 3 criteria, based on head morphology (Chevaux et al., 2010) and IUGR piglets have a "dolphin-like" head shape compared with "normal" piglets (Hales et al., 2013) .
Piglets exposed to IUGR have prioritized brain development due to the "brain sparing effect," as part of a fetal adaptive reaction to placental insufficiency (Roza et al., 2008) . However, it is important to know which organs or nutrient pools are being compromised when nutrients are being allocated preferentially to brain development. Glycogen pools in liver and muscles are important for neonatal piglet survival (Theil et al., 2011) , but little is known about liver glycogen stores in IUGR piglets at this stage. Glycogen stores are the primary substrate for oxidation immediately after birth . Therefore, knowledge on the physiology of piglets exposed to different degrees of IUGR is important for increasing survival of susceptible piglets during the critical neonatal phase.
The aim of this study was to evaluate traits related to piglet survival (colostrum intake, glycogen depletion) of normal, mildly IUGR, and severe IUGR piglets, and to evaluate performance characteristics, plasma metabolites, stomach content, and glycogen stores remaining in the liver at 24 h. We hypothesized that IUGR piglets would ingest less colostrum due to smaller physical stomach size, which in turn would affect plasma metabolites and depletion of glycogen stores during the colostrum period.
MATERIAL AND METHODS
All sampling, housing, and measurements were done in accordance with Danish laws and regulations for the humane care and use of animals in research [The Danish Ministry of Justice, Animal and Testing Act (consolidation Act no. 726 of 9 September 1993, as amended by Act No. 1081 of 20 December 1995)]. Furthermore, the Danish Animal Experimentation Inspectorate approved the study protocols and supervised the experiment.
Animals and Design
This study was conducted as part of a larger project investigating transition feeding on sow and piglet productivity (effects of diets will be published elsewhere). Thirty-six second parity sows (Danish Landrace × Danish Yorkshire) mated with Duroc semen were brought into farrowing crates at d 105 of gestation over 2 rounds (block, n = 18). All animals were housed at Aarhus University experimental research unit (Aarhus University-Foulum, Denmark). Sows were fed according to Danish recommendations (Jørgensen, 2005) .
Piglet Measurements at Birth
Litters were video monitored continuously from 2 d prefarrowing until 24 h postfarrowing, such that farrowing time could be recorded. Based on video recordings, a vitality score at birth was given as described by Baxter et al. (2008) . A vitality score of zero was given if there was no movement or breathing after 15 s. A vitality score of 1 was given if there was no movement after 15 s, but the piglet was breathing or attempting to breathe (coughing, spluttering, clearing its lungs). A vitality score of 2 was given if the piglet showed some movement within 15 s, breathing, or attempting to breathe. A vitality score of 3 was given if the piglet showed good movement, good breathing, and the piglet attempted to stand within 15 s. No score was given if the piglet was still and covered in the placental sac.
Piglets were removed from the sow before they had suckled, ear tagged for identification purposes, dried, and the umbilical cord shortened to 15 cm and closed off with straps to prevent blood loss. Birth weight was recorded as an average of 3 weights on a precision scale to the nearest 1 g (Sartorius 12,100 g; Dansk Vaegt Industri A/S, Skanderborg, Denmark). In addition, crown rump length (CRL) was measured from the crown of the head to the base of the tail (supine length of piglet) and gender was noted. The piglets were given a visual IUGR score from normal, mildly (m-IUGR), and severe (s-IUGR), according to Hales et al. (2013) , recognizing the IUGR piglet as: 1) steep, dolphin-like forehead, 2) bulging eyes, and 3) wrinkles perpendicular to the mouth. A score of "s-IUGR" was given if 2 or 3 of the characteristics were present. A score of "m-IUGR" was given if 1 of the characteristics was present. Finally, if none of the characteristics were present, piglets were considered "normal" and represented control piglets.
Immediately postpartum and before suckling, the first live born and then every second piglet (uneven eartag numbers) were held in dorsal recumbency and 6 mL of blood was drawn from vena jugularis externa/ interna/communis, using 23-gauge needles into vacutainers containing heparin. Glucose and lactate values, and the following electrolytes, potassium (K + ), sodium (Na + ), calcium (Ca 2+ ), and chloride (Cl -), were measured in whole blood (ABL 725 blood-gas analyzer; Radiometer A/S, Copenhagen, Denmark). Body mass index (BMI) and ponderal index (PI) of all piglets was calculated from the CRL and birth weight, using the following equations: After measurements and procedures at birth, piglets were returned to their birth mother (within 20 min). At 12 and 24 h after birth of first born piglet, all piglets were weighed, as above, and weights recorded.
Piglet Measurements at 24 h
Twenty-four hours after the first piglet within a litter was born, blood samples were taken from all evennumbered piglets. The piglet born in the middle of the birth order within each litter was sacrificed, as were piglets born <900 g at 24 h after birth of first born piglet. In total, 80 piglets were sacrificed after a blood sample was collected and analyzed for blood metabolites, as described above, and weights of the heart, liver, stomach, and brain were recorded. A liver sample was collected from the quadrate lope, snap frozen in liquid nitrogen, and stored at -80°C for later pro-glycogen, macro-glycogen, and total glycogen analyses. The stomach was further given a score from 1 to 4, depending on content. A score of 1 was given if the stomach was full, 2 if it was more than half full, 3 if it was less than half full, and 4 if it was empty.
Colostrum Intake
Colostrum intake (CI) was estimated, according to Devillers et al. (2004) , based on BW gain. According to Devillers et al. (2004) , most of the variation in BW gain during the colostrum period is explained by colostrum intake (94.4%). Consequently, colostrum intake may be predicted by BW gain during the colostrum period. The following formula was adapted from Devillers et al. (2004) :
CI, g/24 h = 1.55 × 0.944 × BW gain 24 h + (115) [3] Where 1.55 is the slope when regressing BW gain on CI (opposite relationship compared with what is needed here), 0.944 is the r 2 value (used to derive the slope for the opposite regression coefficient), and 115 is a constant (amount of colostrum required to maintain BW from birth to 24 h of age).
Based on the equation above, a similar equation was derived to predict the colostrum intake from 0 to 12 h and from 12 to 24 h: CI, g/12 h = 1.55 × 0.944 × BW gain 12 h + (115/2) [4] Where the constants are identical to Eq. [3], except for the intercept (115 g/24 h), which was divided by 2 to account for the amount of colostrum required to maintain BW for a 12-h period only.
Glycogen Analyses
Twenty-five-milligram liver samples were prepared at -20°C. The muscle samples were precipitated in 0.5 mL 1.5 M perchloric acid for 20 min followed by centrifugation (2700 × g) in order to precipitate pro-glycogen leaving macro-glycogen in the supernatant as described previously (Adamo and Graham, 1998) . From the supernatant, 0.25 mL were used for free glucose determination and the other 0.25 mL of the supernatant and the pellet (containing the pro-glycogen) were hydrolyzed for 2 h in 1 M HCl and the glucose units were analyzed by spectrophotometry as described previously (Passonneau and Lowry, 1993) .
The total glycogen pool in liver was calculated as:
Total liver glycogen pool (pro-and macro-), g = glycogen concentration of the liver (g/g) × liver weight (g).
[5]
Statistical Analyses
Normal mixed models (MIXED procedure; SAS Inst. Inc., Cary, NC) were used to describe piglet traits, according to the following models:
where Y ijk is blood metabolites and CI related to the piglet, μ is the overall mean, α i is the effect of piglet IUGR category (i = normal, m-IUGR, s-IUGR), β j is the effect of time (k = birth or 24 h), γ k is the effect of block (j = 1, 2), (αβ) ij is the interaction between piglet IUGR category and time, and ε ijk is the residual error component, which is assumed independent and normal distributed. The interaction between piglet IUGR category and time was only included when significant. The total number of born piglets (p = 11, 12, 15,…, 27) was initially included in the model as a covariate but found not significant for all studied traits. Therefore, it was not included in the model. The other observed traits (CRL, BMI, organ weights, and glycogen stores) were tested with the described model without the time and time × IUGR interaction terms. For the data describing stomach content, a type 3 Poisson distribution in PROC GENMOD (SAS Inst. Inc.) was used. For all parameters, the random and residual error components were assumed to be independent and normally distributed, and their expectations were assumed to be zero. For the analysis of pro-glycogen, macro-glycogen, total glycogen, total liver glycogen, and liver glycogen g/100 g of wet weight, data were log transformed before analysis. Results presented for these data are the arithmetic data with confidence intervals. For the relationship between organ weights and IUGR category, a regression line was fitted with a simple correlation coefficient of determination. All other traits were separated, using the PDIFF option, and presented as LSMEANS ± SEM and considered significant when P < 0.05, and a trend when P < 0.10.
RESULTS

Piglet Characteristics
The birth weight, weight at 12 h, and piglet characteristics are presented in Table 1 . Of 619 piglets given an IUGR score at birth, 67.9% were normal (normal, n = 420 piglets), 24.7% had suffered mildly from IUGR (m-IUGR, n = 153 piglets), and 7.4% were deemed to have suffered severely from IUGR (s-IUGR, n = 46 piglets). Overall, there was a strong influence of the piglets' IUGR score on most characteristics, with normal piglets having a greater birth weight (P < 0.001), higher CRL (P < 0.001), higher BMI (P < 0.001), higher PI (P < 0.001), and tendency toward a higher vitality score (P < 0.07), compared with s-IUGR and m-IUGR piglets, whereas those of m-IUGR were intermediate.
Colostrum Intake
The colostrum intakes between 0 and 12 h and between 12 and 24 h are presented in Table 1 . There was a strong influence of the piglets' IUGR score, in that normal piglets had a greater colostrum intake between 0 and 12 h (P < 0.001) and between 12 and 24 h (P = 0.022), than s-IUGR piglets, whereas that of m-IUGR was intermediate.
Organ Weights and Liver Glycogen
The average organ weights and liver glycogen content 24 h after birth are presented in Table 2 . For the brain and liver, and brain to liver ratio, an interaction between IUGR score and sow diet was found and has been discussed elsewhere (Amdi et al., 2013) , whereas no diet × IUGR score was observed for the other studied traits. The relationship between IUGR score and liver weight and organs at 24 h is shown ( Fig. 1 A to C) . In absolute terms, organ weights were all greater in normal piglets compared with m-IUGR and s-IUGR piglets. In relative terms, the piglets with an s-IUGR score had a higher relative weight of heart and brain percentage, and a lower relative weight of liver than normal piglets (Fig. 1) . The average stomach weight (including content) decreased with increasing score (Fig. 2) . Piglets suffering mildly and severely from IUGR (m-IUGR and s-IUGR) had a higher brain-to-heart ratio than normal piglets (P < 0.001). Overall, there was a strong influence of piglet IUGR score on glycogen results, as normal piglets had a greater amount of pro-glycogen (P < 0.001), macro-glycogen (P < 0.001), total glycogen (P < 0.001), total liver glycogen (P < 0.001), and relative liver glycogen (g glycogen/100 g of wet liver weight) (P < 0.001) than both s-IUGR and m-IUGR piglets. In addition, m-IUGR piglets had larger values of glycogen traits than s-IUGR piglets.
Blood Metabolites
The blood metabolite contents at 0 and 24 h of piglets with different IUGR scores are presented in Table 3 . There was a time × IUGR interaction for glucose (P < 0.001), potassium (P < 0.049), calcium (P < 0.01), and chloride (P < 0.01). For glucose, no differences were found among IUGR scores at 0 h, but at 24 h the glucose concentrations were high, intermediate, and low in normal, m-IUGR, and s-IUGR piglets, respectively. Both m-IUGR and s-IUGR had similar glucose concentrations at 24 and 0 h, whereas that of normal piglets was highest 24 h after birth (P < 0.01; Table 3 ). For potassium, normal piglets had higher levels at 24 h than 0 h, and for calcium all piglet categories had lower values at 24 h compared with 0 h. For chloride, normal piglets had similar concentrations between 0 and 24 h, but m-IUGR and s-IUGR piglets had higher concentrations at 24 h. Plasma lactate was low, intermediate, and high (5.5, 5.9, and 7.4 mmol/L) in normal, m-IUGR, and s-IUGR piglets, respectively (P < 0.001). Plasma lactate concentrations were higher at birth compared with 24 h (7.3 ± 0.2 vs. 5.2 ± 0.2 mmol/L; P < 0.001). For sodium, the average concentrations were 133 ± 1, 130 ± 2, and 127 ± 3 mmol/L for normal, m-IUGR, and s-IUGR, respectively (P = 0.05). There was also an effect of time (P = 0.002), with sodium values being higher at birth (0 h) than 24 h (132 ± 1 vs. 128 ± 1 mmol/L). a-c Within a row, means without a common superscript differ (P < 0.05).
1 IUGR = intrauterine growth restricted.
DISCUSSION
Intrauterine growth restricted piglets are classically identified on their body weight distribution (Bauer et al., 1998b) . However, birth weight alone does not indicate whether a piglet has been exposed to IUGR during fetal development. In the IUGR pigs, relatively more nutrients are redirected toward growth of the brain (brain sparing) and heart, compared with a normal piglet (Hammond, 1921) , as part of a fetal adaptive reaction to placental insufficiency (Roza et al., 2008) . This adaptive reaction is intended to ensure proper development of the brain (Baschat, 2004) . It is important to know which organs or nutrient pools are being compromised when nutrients are being allocated preferentially to brain development. In the present study, the s-IUGR piglets did indeed have larger relative brain weights compared with m-IUGR piglets and larger relative weight of brains than normal piglets. Therefore, this identification method will allow a more accurate determination of susceptibility of piglets and their subsequent risk of death due to their IUGR status at birth. Some small piglets may still reach their genetic growth potential, displaying normal growth, whereas piglets suffering from IUGR have not (i.e., they have had asymmetrical growth) (Bauer et al., 1998a) . Normal piglets have flat heads compared with the small dolphin-like piglets given an s-IUGR score (see Hales et al., 2013) . Results from the present study indicate that piglets whose brains weigh <3% of birth weight at 24 h (Fig. 1) can be considered normal and will likely have higher survival chances than other littermates due to altered physiology and phenotype.
Supply of energy, via glycogen mobilization and colostrum, is of major importance for the neonate piglet (Quesnel et al., 2012; Theil et al., 2011) until copious milk production begins ~33 h after onset of parturition (Krogh et al., 2012) . It has recently been shown that at least 200 g of colostrum per piglet is required to maintain life during the neonatal phase (Quesnel et al., 2012) . However, the present study demonstrated that only normal, but not s-IUGR and m-IUGR piglets, ingested the required amount. Severe-IUGR piglets only receive approximately half the amount required (200 g) to ensure neonatal survival (Devillers et al., 2011; Quesnel et al., 2012) . Nonetheless, some m-IUGR and s-IUGR piglets did indeed have full stomachs. However, based on falling plasma glucose levels and lower remaining glycogen depots in the liver at 24 h (discussed later), most IUGR piglets (m-IUGR and s-IUGR) in the present study did not ingest sufficient amounts of colostrum. Improving the quality and/or quantity of colostrum, thereby providing more essential nutrients, may be 1 way of compensating for the inherent difficulties faced by premature piglets, such as inability to suckle large quantities of colostrum. Based on the estimated colostrum intake between birth and 12 h, the s-IUGR piglets did indeed ingest a substantial amount of colostrum between 0 and 12 h and 12 and 24 h, which is in accordance with the stomach content found in m-IUGR and s-IUGR in the present study. Although some of the IUGR piglets had full stomachs, half of the IUGR piglets had either more than half-full or less than half-full stomachs, and more importantly they might not be fit for competing with normal piglets the first 24 h. As a consequence, many IUGR piglets in this study likely did not ingest sufficient amounts of colostrum to survive without intervention.
One consequence of insufficient colostrum intake could be observed in plasma glucose values. The plasma glucose decreased from 0 to 24 h for s-IUGR piglets, whereas it stayed the same for m-IUGR piglets and increased for normal piglets. Our findings are in agree- a-c Within a row, means without a common superscript differ (P < 0.05).
1 IUGR = intrauterine growth restriction.
2 Data analysis was performed on log transformed data. Results presented here are on a normal scale (arithmetic) with confidence intervals.
3 An interaction between sow diet and IUGR score was found (Amdi et al., 2013) . ment with Baxter et al. (2008) , who found higher plasma glucose levels in surviving piglets at 24 h (4.66 vs. 3.25 mmol/L) compared with dying piglets, with no differences in concentrations of plasma glucose (2.52 vs. 2.51 mmol/L) at birth (Baxter et al., 2008) . In contrast, Tuchscherer et al. (2000) found glucose levels to be higher in piglets at risk (3.77 compared with 3.64 mmol/L) and concluded that reduced physiological maturity of piglets at birth is mainly responsible for a high risk of mortality during the first days of life (Tuchscherer et al., 2000) . Generally, both their groups of piglets (survivors and piglets at risk) were heavier (1,368 and 1,063 g) than piglets in the present study.
Differences in electrolytes were also observed between the 3 groups. In agreement with this, Wang et al. (2008) found that cellular signaling defects, redox imbalance, reduced protein synthesis, and enhanced proteolysis may be the major mechanisms responsible for abnormal absorption and metabolism of nutrients, as well as reduced growth and impaired development of the small intestine, liver, and muscle in IUGR piglets harvested at birth (Wang et al., 2008) . This perhaps indicates that more electrolytes and/or more colostrum are needed for IUGR piglets. In addition, D 'Inca et al. (2010) found IUGR in piglets to have a major impact on the length and weight of the small intestine, which was heavier in preterm IUGR neonates and longer and thinner in both preterm and term piglets at birth. Intestinal vulnerability in IUGR piglets may explain the more frequent and severe intestinal problems observed in the first few days of IUGR neonates (D'Inca et al., 2010) , although it was not investigated in the present study.
Severe-IUGR piglets had less glycogen left in their livers at 24 h compared with normal piglets, with that of m-IUGR piglets in between. The glycogen reserves of neonatal piglets are depleted quickly if piglets must metabolize glycogen in an attempt to maintain their body temperature (Herpin et al., 2002) . Muscle glycogen concentration was halved in piglets over 24 h in a study by Pastorelli et al. (2009) , emphasizing the importance to the neonatal piglet of an early external energy source (Pastorelli et al., 2009 ). In the current study, Figure 1 . The percentage of the organs compared with body weight (BW) at 24 h for normal piglets (□), piglets with mild intrauterine growth restriction (IUGR) (■), and piglets with a severe IUGR score () for (A), the liver; (B), the brain; and (C), the heart. normal piglets had glycogen concentration in the liver comparable to that found in piglets at birth (Theil et al., 2011) . However, not much is known on the ratio of pro-vs. macro-glycogen at birth or 24 h. Studies on pigs before slaughter have shown pro-glycogen, rather than macro-glycogen, to be the primary glycogen pool in the muscle from which energy was recruited for both exercise stress, as well as postmortem metabolism (Young et al., 2009) . In the present study, s-IUGR piglets had less than half the total glycogen amount the normal piglets did and had depleted 10% more macro-than pro-glycogen, compared with the normal piglets. The liver weight and glycogen deposits increased with BW (Theil et al., 2011) , indicating that a large birth weight automatically increases survival chances. Muscle glycogen was not assessed in the present study; however, it is likely that muscle glycogen is depleted, although at a slower rate, compared with that in the liver for the 3 groups of piglets. Based on the physiological data in this study, we suggest that it is possible to identify s-IUGR and m-IUGR piglets, which are in need of oral supplementation during the colostrum period. Additionally, the lowered capacity of these piglets to ingest colostrum seems to be of vital importance.
Body mass index might be a good indicator of survival, where the higher the BMI value the greater the survival chance (Baxter et al., 2008) , and BMI is a measure of piglet length and weight (weight per length). In addition, small piglets have a higher heat loss due to a high surface-to-volume ratio; i.e., they are less resistant to cooling and therefore more likely to deplete energy stores. Piglets suffering from IUGR (s-IUGR) had lower BMI than piglets deemed normal. Hales et al. (2013) recently found that when 2 piglets have similar weight, the 1 with the highest BMI had the greater chance of surviving. This difference in BMI might be due to differences in muscle development of piglet categories. Small piglets have lower muscle mass (Rehfeldt and Kuhn, 2006 ) and a relative greater fat deposition at weaning (Amdi et al., unpublished) , possibly due to this body type being better at withstanding restrictive environments (the mismatch theory; Gluckman et al., 2005) . A higher BMI of 2 similar weight piglets might therefore indicate more muscle, more glycogen stores, and therefore an increased survival chance. Studies have shown that floor heating in the pen at birth significantly reduces mortality (Malmkvist et al., 2006) and that finding along with the data from the present study indicate that sufficient energy supply via colostrum is extremely important for increasing neonatal survival in large litters.
Implications for Pig Production
Identifying IUGR piglets on their head shape provides farmers with a fast and simple method of deciding which piglets need extra support to maximize neonatal survival. Piglets suffering from IUGR have less energy reserves left at 24 h compared with normal piglets and Figure 2 . Stomach content at 24 h presented in black for normal piglets, gray for piglets suffering mildly from intrauterine growth restriction (IUGR), and solid white for pigs suffering severe-IUGR. The score of 1 was given if the stomach was full, 2 if it was more than half full, 3 if it was less than half full, and 4 if it was empty. Table 3 . Effects of time and intrauterine growth restriction (IUGR) on concentrations of plasma metabolites and plasma electrolytes at birth (0 h) and 24 h of age in normal, mild (m-IUGR), and severe (s-IUGR) piglets it can be speculated that many of these will be too weak to survive when second stage of lactogenesis is onset (Hartmann et al., 1984; Krogh et al., 2012 ) ~33 h after parturition, whereas normal piglets would still be vigorous. Most differences were found between normal piglets and s-IUGR piglets, with less significant differences observed between m-IUGR and s-IUGR piglets, suggesting that if the piglet had some signs of IUGR, their energy reserves and body characteristics were altered. Although most piglets suffering from IUGR were still alive at the 24-h sampling time, their plasma glucose and lactate levels, as well as stomach content, all indicated that their energy supply and utilization of depots differed from that of normal piglets. Therefore, it is crucial to ensure that the milk supply for small piglets in the first few days of their life is as nutritious as possible. More research is needed on the fate and viability of piglets suffering from IUGR.
In conclusion, piglet head shape (i.e., their IUGR score) in combination with weight is an easy way for the farmer to decide which piglets need an intervention. Piglets with a dolphin-like head shape ingest insufficient amounts of colostrum and hence have lower glucose levels at 24 h, and have been subjected to some degree of IUGR, as can be seen in their organ ratios. In addition, they have less glycogen left in the liver, both in total and relative liver weight. Based on observations in this study, if piglets are classified as m-IUGR or s-IUGR, glucose levels are altered, organ weights have suffered, and these factors combined suggest that if they do have a dolphin-like head shape, they are more susceptible to a low survival chance.
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